The temperature-dependent probability of occupation of the two threefold-coordinated adsorption sites was determined for the system SjRu(0001) at a coverage of 0.33, analyzing energy-dependent intensity curves [I(E) curves] in low-energy electron diffraction of the ordered V3 x v 3R30' phase and of the disordered system. We show that this probability agrees fully with a lattice gas model containing a finite difference in adsorption energy between these sites.
I. INTRODUCTION
Studies of short-range ordered layers at surfaces have become standard only in recent years as techniques sensitive to short-range order like disuse low-energy electron diB'raction (DLEED), surface extended x-ray absorption fine structure, and photoelectron difI'raction become increasingly available and reliable. These studies are aimed towards a more complete understanding of processes on surfaces like growth, diffusion, and chemical reactions on surfaces. In general, structural investigations of systems with only short-range ord. er are more demand. ing than on those with long-range order, since the adsorption geometry may vary locally (or in time) in a short-range ordered system. Metastability and the occurrence of several di8'erent local configurations in case of static disorder may even prevent the determination of a unique local configuration. Therefore, almost all successful and complete determinations of adsorption geometries in two-dimensional systems with frozen-in disorder have been restricted to simple systems with only one adsorption site. The problem of metastability can be avoided near thermal equilibrium.
For disordered systems this requires measurements at elevated temperatures, which generally were considered to be problematic, due to increased thermal background. As we will show below, such measurements can be carried out reliably enough so that the determination of temperature-dependent occupation probabilities of difFerent sites is feasible, at least for simple and well defined systems. Corresponding local timedependent fluctuations are integrated out by the methods mentioned above, so that only the time and space averages are obtained.
Not only is this problem challenging &om a methodological point of view, as it requires the determination of small concentrations of adparticles on diferent sites, it has also important consequences for the viability of lattice gas models to account for adparticle phase transitions and their critical properties.
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The theoretical IV curves were calculated using a program package developed by Moritz and co-workers.
In order to simulate a statistical occupation of difFerent adsorption sites the average t-matrix approximation (ATA) was used in the sulfur overlayer. These small but significant diB'erences between I(E) curves at 300 and at 600 K must be caused by the transition to a system with only short-range order at high temperature. Therefore, we further optimized our fit using the following model (see Fig. 1 ). We assumed that short-range order with~3 correlations between hcp sites still prevails even at the highest temperatures studied. This assumption is well justified both by our data and &om the correlation lengths measured at the ideal coverage of 0.33 (Ref. 28) up to 600 K. Even at this temperature, correlations over 2~3 distances still exist. 2s As short-range~3 correlations for the atoms on the hcp sites seem to dominate at all temperatures considered, the atoms on the fcc sites were assumed to be uncorrelated. As shown in Fig. 1 Variation of the occupation probability for fcc sites p, p = Or"/(8h,~+ 8f"), between 0 and 0.9 and of Az, the difference in height of S adsorbed in the fcc sites compared to those adsorbed on hcp sites, yielded a best Gt to the experimental data at 600 K at p between 0.2 and 0.3, depending on the R factor used, and Az = -0.06 A.
(i.e., S on fcc sites sticks out further). The latter value is comparable to that found in the c(2 x 4) ( -0.04 A. ) (Ref. 13) and (~7 x~7)R19.1 ( -0.03 A) (Ref. 14) phases.
In Fig. 2 , the sensitivity of the Pendry B factor as a function of p is shown separately for integral and fractional-order beams. Obviously, up to p = 0.5 only the integral-order beams are sensitive to a random occupation of fcc sites. Examples of experimental data for integer and &actional order spots and a comparison with calculated curves for various occupation probabilities p are shown in Figs. 3 and 4 , respectively. This insensitivity of fractional-order spots can be easily understood from the 1 x 1 symmetry of the fcc sites. Therefore, they do not contribute to the intensity of fractional-order spots in a kinematic approximation.
Only a decrease of the intensity of superstructure spots (1 -p) is expected within this approximation.
In fact, our own test calculations show that multiple scattering within the adsorbate layer is completely negligible for a coverage of 1/3, thus explaining the mostly unchanged I(E) curves of the superstructure spots. Thus, our findings are fully consistent with our model of uncorrelated occupation of another site. On the other hand, the essentially unchanged experimental IV curves for &actional order beams as a function of temperature demonstrate that inelastic scattering close to the K points in reciprocal space either contain no additional structure, which would modify the IV curves, or its contribution is small enough to make such effects undetectable.
Due to the insensitivity of &actional-order spots to the mixing of additional adsorption sites, the average Pendry R factor is only slightly reduced, but R~i mproves significantly for integral-order beams, as shown in Fig. 3 although the second threefold-coordinated site is occupied. This was indeed postulated for the honeycomb lattice if the binding energy difference between the hcp and fcc site was suKciently strong.
In conclusion, we have presented a structural analysis of a two-dimensional thermally disordered system. Integral order I(E) curves turned out to be sensitive to randomly distributed adsorbed atoms down to a coverage of 4% of a monolayer (see Fig. 6 ), whereas superstructure I(E) curves show little change as a function of temperature. The good agreement between our experiment and Monte Carlo simulations, which describe both the phase diagram and the critical properties of the adsorption system, demonstrates that the lattice gas model on a honeycomb lattice is an appropiate and useful description of the thermodynamic properties of the chemisorbed layer of S/Ru(0001) at not-too-high coverages.
